We have cloned and sequenced the flagellin gene from Borreliu miyamotoi strain HT3 1 and compared it with previously published flagellin sequences. Sequence similarity analysis demonstrated that strain HT31 is phylogenetically distant from the three species of Lyme disease borreliae and is deeply branched into the relapsing fever borrelia cluster. The result was in full agreement with the classification of Borreliu strains using 16s rRNA sequences. This finding indicates that a phylogenetic analysis using flagellin gene sequences might be useful for classification of Borrelia strains.
Introduction
We have isolated unusual spirochetes from the ixodid ticks, Ixodes persulcatus, which is the most important vector for Lyme disease. These spirochetes have been identified as Borrelia miyamotoi sp. nov., because of their genetic and biological characteristics [l] . In our experiments, we found that these spirochetes possessed the 38-kDa flagellin protein similar to that of relapsing fever borreliae, although the 41-kDa llagellin protein is common among Lyme disease borreliae [2-41. The two groups are quite different from one another in their adaptation to arthropod vectors [5] . The relapsing fever borreliae are associated with the argasid ticks and the human body louse, while the Lyme disease borreliae are found in hard-bodied, ixodid ticks, especially the Zxodes ricinus species complex [5-81. Therefore, we have cloned and sequenced the flagellin gene for the novel spirochete. We also describe the phylogenetic position of B. miyamotoi sp. nov. among the strains of Borrelia by using the flagellin gene sequences. Usefulness of flagellin gene sequences in taxonomic studies of Borrelia is discussed.
Materials and methods

I. Spirochetes and culture conditions
Borrelia miyamotoi strains HT3 1 and FR64b were used in these experiments [ 11. Spirochetes were grown in 100 ml of BSKII medium [9] at, 3 1°C for l-3 weeks and harvested at the exponentiaI phase by centrifugation.
Escherichia coli K-12 strain HB 10 1 and strain NM539 were used for recombinant DNA transformation and plaque formation, respectively. These bacteria were grown in nutrient plates with or without ampicillin.
Gene cloning and sequencing
Spirochetal genomic DNA was extracted, partially digested with Sau3AI enzyme, ligated into A EMBL3 bacteriophage BamHI arms, and packaged by the methods described previously [lo] . Plaques of A phage were formed on LB plates with host bacterium E. coli K-12 strain NM539. Recombinant phages containing the flagellin gene were selected by plaque hybridization using the 3'P-labelled probe as described previously [ 10, I I] . The DNA fragment of the flagellin gene for B. burgdqferi strain B31 (located at positions 49-468 in the strain B31 flagellin gene) was synthesized according to the published sequence [I21 by PCR using conditions described previously [ 131. DNA fragments used as hybridization probes were labelled with a random-primer labelling kit according to the manufacturers instructions (Takara Shuzo Co. Ltd., Kyoto, Japan). Recombinant phage DNA was extracted and a physical map was constructed by the method described previously [lo] . The DNA fragment containing the flagellin gene of the strain HT31 was subcloned into the plasmid vector pUC18 and deletion mutants were generated with exonuclease III digestion [14] . Nucleotide sequence was determined as described previously [I] .
Nucleotide sequence accession numbers
The flagellin gene sequence for strain HT3 I has been assigned GSDB/DDBJ/EMBL/NCBI acces- 
Results and discussion
The flagellin gene-inserted recombinant A EMBL3 phages were obtained by plaque hybridization using the radiolabelled PCR amplified fragment as a probe. Clones f7 and fl I were selected and the physical maps were constructed using a previously described method [I I] . The flagellin gene for strain HT31 was located on a 4.5-kb BarnHI-Sal1 restriction fragment in both recombinant clones. The DNA fragment which carried the flagellin gene was then ligated into pUC 18 plasmid DNA at BamHI-Sal1 restriction sites and competent cells of E. coli K-l 2 strain HB 101 were transformed. The physical map and the location of the flagellin gene were determined by Southern blot hybridization and are shown in Fig. 1 
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Xl shorter than the B. burgdwferi sensu strict0 gene sequence [3, 4] ). The coding region of the gene for the strain FR64b which had been obtained from rodent ( Apodemus urgentems) blood was identical to that of strain HT3 I (data not shown). A promoter-like signal for transcription and a consensus ribosome binding sequence are present adjacent to and upstream from the coding region.
The sequence was compared with the flagellin sequences of two relapsing fever Borrelia species, three Lyme disease genomic species, and the avian borreliosis agent. Multiple alignments of the sequences were performed, nucleotide substitution rates were calculated, and a neighbour-joining phylogenetic tree [I 51 was constructed by using the CLUSTAL V program [ 161 and DNASTAR program (DNASTAR, Inc.. Madison, WI). Table I shows the nucleotide sequence pair similarity values of the sequences.
A neighbour-joining phylogenetic tree constructed on the basis of the sequence similarity matrix is shown in Fig. 2 . B. miyamotoi strain HT3l was not closely related to any of the other Borrelia strains. The result was assessed using bootstrap analysis (1000 replicates).
which is included in the CLUSTAL V program. Evolutionary relationship analysis revealed that Lyme disease borreliae species were closely related to each other and were on a line of descent distinct from the strains of relapsing fever borreliae and avian borreliosis agent. The North American relapsing fever agent, B. hermsii, was the closest phylogenetic neighbour to strain HT3l and grouped into a different branch from the lineage containing B. anserit~a and B. crocidurae. These of Borrelia. Previous reports have also shown that the partial sequence of a flagellin gene-based typing system was able to differentiate relapsing fever spirochetes and Lyme disease borreliae into species and groups [4, 20] . There is sufficient diversity within the flagellin gene sequences even in closely related isolates of Borreliu to differentiate them into groups. Since the frequency of nucleotide substitution in a flagellin gene sequence is higher (usually more than twice, in our experiments, unpublished) than that in a 16s rRNA gene sequence, the flagellin gene-based typing system will give more detailed taxonomic data. Therefore, our experiments indicate that flagellin gene sequence analysis is a most useful system for assessing closely related Borrelia isolates.
